A b s t r a c t The aim of this study was to investigate antioxidant activity, total phenolic compounds and flavonoids of propolis from three provinces of Indonesia with two methods of extraction. Stingless bee propolis from Banten, South Kalimantan, and South Sulawesi was prepared through ultrasound-assisted extraction with water and ethanol solvents, separately. Antioxidant activity was measured by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method. Total phenolic and flavonoid contents were analyzed by Folin-Ciocalteu colorimetric and aluminum chloride (AlCl 3 ) methods, respectively. The result showed that the antioxidant activity expressed as IC 50 of Indonesian propolis ranged from 452.52 to 1027.29 mg/L. Ethanol extracts showed higher antioxidant activity than water extracts. Total phenolic and flavonoids content detected in the samples ranged from 10.00 to 28.65 mg/g GAE and 0.76 to 3.39 mg/g QE, respectively. The ethanol extract of propolis from South Kalimantan had the highest total phenolic contents, while that from South Sulawesi possessed the highest total flavonoids.
INTRODUCTION
Propolis, a resinous-based substance, has been used for centuries as a traditional medicine for mummifying corpse and healing wounds (Lofty, 2006; Sforcin & Bankova, 2011) . Bees produce it from resin, leaf buds, mucilage, and gum, and then mix it with beeswax (Salonen, Saarnio, & Julkunen-Tiitto, 2012) . Due to its functions as sealer and excluder, propolis can protect the bee colony (Mohammadzadeh et al., 2007; Menniti-Ippolito et al., 2007) . Used by bees for self-defense, humans have extensively applied propolis as traditional medicine for its antibacterial, antiseptic, anti-inflammatory, antifungal, antiviral, antioxidant properties (Shruthi & Suma, 2012; Król et al., 2013) and to treat tuberculosis, duodenal ulcers, gastric disturbances, dermatological diseases and otorhinolaryngologic diseases (Marcucci, 1995; Castaldo & Capasso, 2002) . Propolis is a well-known natural source of antioxidants (Pascual, Gonzalez, & Torricella, 1994) , and phenolic and flavonoid compounds play important roles in this capacity (Mărghitaş et al., 2007) . The catechol group of phenolic compounds is a free-radical neutralizer, and flavonoids act as scavengers in the early phase of lipid peroxidation by reacting with the peroxy radical of polyunsaturated fatty acids to stop the reaction chain (Rice-Evans, Miller, & Paganga, 1996; Nagai et al., 2003) . Specifically, caffeic acid esters are a propolis compound with high antioxidant activity (Cos et al., 2002) , which has been confirmed through in vivo trial, where propolis supplementation during exercise improves the concentration of superoxide dismutase (SOD) and glutathione peroxidase (GPX) in skeletal muscle of rats (Kwon, Lee, & Kim, 2014) . Propolis compounds considerably vary, so the Fikri et AL.
140
Antioxidant Activity of Stingless Bee Propolis biological activities tend to be inconsistent. Freitas et al. (2008) found the main compounds of Trigona propolis from Northeast of Brazil to be cycloartane triterpenes, flavonoids 3'-methyl quercetin, sakuranetin, kaempferol 7-methyl ether, triacetin and aromadendrin 7-methyl ether. Choudhari et al. (2012) investigated the chemical composition of Trigona propolis from Western Maharashtra, India and found antimicrobial activity in naphthalene derivatives, nicotinic acid, 5-phenoxymethyl-1,3,4-thiadiazol-2-amine, acetate 3-cyclohexane-1-ol, boron (methenamine)tris(trifluoromethyl), 2-methyl and 1-penten-3-yne. Bee species, seasons and method of extractions were confirmed to influence the biological activity of propolis (Salatino et al., 2005; Huang et al., 2014) . The stingless bee propolis from several regions in Brazil contains high amounts of terpenoids and low amounts of phenolic compounds and flavonoids (Bankova et al., 1998) . However, the best solvent to extract propolis is still unclear, even though some studies found that ethanol extract had high antioxidant activity and total phenolic compounds compared to water extract (Mello, Petrus, & Hubinger, 2010; Sun et al., 2015) . Meanwhile, Laskar et al. (2010) found water to be a better solvent in generating high antioxidant activity and total phenolic compounds than ethanol extract. Furthermore, Indonesia has abundant biodiversity which leads to various propolis compounds (Kalsum et al., 2016) . Therefore, this study aimed to investigate the antioxidant activity of stingless bee propolis collected from three Indonesian provinces with two kinds of solvents for the extraction.
MATERIAL AND METHODS

Samples
Raw propolis collected by bee-keeper in Banten, South Kalimantan and South Sulawesi were used. We investigated propolis from stingless bees, Tetragonula biroi (South Kalimantan), Heterotrigona itama (South Kalimantan) and Tetragonula laevicep (Banten).
Preparation of extract
Ultrasound-assisted extraction is referred to as the Trusheva method with a slight modification (Trusheva, Trunkova, & Bankova, 2007) . Raw propolis was ground into 0.5 cm x 0.5 cm particles and then grounded in the solvent (water or 75% ethanol) with a ratio of 1:10. Subsequently, the solution was treated in a Branson 2200 ultrasound bath (Branson Equipment Co., Shelton, Connecticut, USA) for four h. The treated solutions were filtered with Whatman No. 41 and vacuum-evaporated to produce a dry extract. The ethanol propolis extracts were produced from Banten (EB), South Sulawesi (ES), South Kalimantan (EK), and the water propolis extracts from Banten (WB), South Sulawesi (WS), South Kalimantan (WK).
The yield of extraction Dry extracts were weighed and the following formula was used to determine the yield of extraction: Yield = weight of propolis extract (g) / weight of raw propolis (g) x 100%
Antioxidant activity assay The DPPH method (2,2-diphenyl-1-picrylhydrazyl, Sigma Aldrich, USA) was used to examine antioxidant activity (Salazar-Aranda et al., 2011) . Propolis was re-dissolved in DMSO and then homogenized using vortex homogenizer. Samples were mixed with DPPH 125 µM in microplate at a different concentration of 31.25-2000 mg/L. The mixtures were homogenized at room temperature in darkness for 30 min. The absorbance was measured at 517 nm in an Elisa microplate reader (Biotek Instruments, Winooski, USA). Ascorbic acid was used as positive control.
Total phenolic compound assay Total phenolic compounds were determined with the use of Folin-Ciocalteu (The Ministry of Health of Republic of Indonesia, 2011). Twenty milligrams of propolis was re-dissolved in methanol and then 4 ml of 1% NaOH were added and mixed with 1 ml of 10% Folin-Ciocalteu. The mixtures were kept at room temperature for eight minutes and kept in the dark for one h.
The absorbance was measured at 730 nm in a spectrophotometer (Hitachi, Tokyo, Japan). Gallic acid was used as the standard solution.
Total flavonoid assay Total flavonoids were measured using the AlCl 3 method (National Agency for Drug and Food Control, 2011) . Samples were hydrolyzed by being mixed with acetone, HMT and HCl for 30 min. The solutions were filtered, and the filtrate was separated using acetone to produce an ethyl acetate fraction. AlCl 3 was then added, and the solution was kept for 30 min at room temperature in the dark. The absorbance was read at 425 nm in a spectrophotometer (Hitachi, Tokyo, Japan). Quercetin was used as the standard solution.
Statistical analysis
Data were expressed as average ± standard error of the mean (SEM). All of the data were taken three times. Univariate analysis of variance was applied to analyze the differences among variables using SPSS 16 (SPSS Inc, Chicago, IL, USA) and considered to be significant when p<0.05.
RESULTS
The yield of the extractions ranged from 4.91 ± 0.82 up to 12.85 ± 4.81 %. ES propolis indicated the highest yield, while WB propolis was the lowest (Tab. 1). According to univariate analysis of variance, propolis from South Kalimantan and South Sulawesi showed a significantly higher percentage of yield compared to Banten propolis (p=0.011). Regardless of their origins, ethanol extraction tended to have a higher yield than water extraction but did not significantly differ (p=0.083) (Tab. 2). The present study showed various antioxidant activities of propolis with IC 50 , ranging from 452.52 ± 29.27 up to 1027.288 ± 25.47 mg/L. EK, EB, WB, and ES showed the same antioxidant activity, but it was higher than those of the two other extracts, WS and WK. Propolis from South Kalimantan had an interesting antioxidant activity because its ethanol extract showed the highest activity, while water extract showed the lowest activity (Tab. 1). According to univariate analysis of variance, the origins of propolis indicated no effect on antioxidant activity (p=0. 120), but the solvents and interaction had a significant effect (p=0.001, p=0.010) (Tab. 2). Antioxidant activity of propolis from South Sulawesi and South Kalimantan were significantly different regarding their water and ethanol extracts. Ethanol extracts demonstrated significantly higher antioxidant activity than water extracts. Furthermore, the present study also showed various total phenolic and flavonoid contents Fikri et AL.
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Antioxidant Activity of Stingless Bee Propolis of the Indonesian propolis. The total phenolic contents detected ranged from 10.30 ± 0. 16 up to 28.65 ± 10.67 mg/g GAE. EK propolis demonstrated significantly higher total phenolic contents than others propolis, but WK, which was from the same provinces, using water as the solvent showed the lowest total phenolic contents. Besides, total flavonoids successfully detected ranged from 0.76 ± 0.26 up to 3.39 ± 1.08 mg/g QE. ES propolis possessed the highest total flavonoids. However, there was no difference in total phenolic and flavonoid contents and antioxidant activity between ethanol and water extracts of propolis from Banten. According to the analysis of variance, the origins, solvents, and interaction had no significant effect on total phenolic and flavonoid contents (Tab. 2).
DISCUSSION
The propolis extraction aims to remove such secondary metabolites of the plant as waxes and other impurities, which results in an extract with high biological activity (Bankova et al., 2016) . The propolis extraction requires special techniques because of its unique characteristics. This study used ultrasound-assisted extraction (UAE) because its wave increases the solubility of active compounds through a mechanical effect to break the matrix, thus, producing highquality extract (Dhanani et al., 2013; Deore & Baviskar, 2015) . Similarly, Khacha-Ananda et al., (2013) also used UAE and the yielded propolis extraction of 15.66%. This result supports that UAE is more efficient than maceration method. Pujirahayu, Ritonga, & Uslinawaty (2014) found a similar yield of Trigona sp. propolis extract (18.33%) through the maceration technique which took over a week. Ethanol extraction tended to produce a higher yield percentage than water extraction (p = 0.083). Due to its high wax content (20-30%), propolis dissolves easier in ethanol than water. Water is a strong polar solvent, so, only polar components can be dissolved. This result is in line with previous studies using several solvents demonstrating that ethanol produced a high yield (Pujirahayu, Ritonga, & Uslinawaty, 2014; Sun et al., 2015) . Propolis is a natural product with a diverse chemical content, and so its biological activities tend to be inconsistent. However, many studies agree that propolis is a good source of antioxidant (Moreno et al., 2000; Ahn et al., 2004; Hamasaka et al., 2004; Silva et al., 2006; Mărghitas et al., 2009) . The result of this study is comparable to Sawaya et al. (2009) who found IC 50 of Scaptotrigona ssp. propolis from Southeastern and Northeastern of Brazil, ranging from 183 to 593 mg/L. Also, IC 50 of propolis from the other five provinces in Indonesia ranged from 68.94 to 4162.61 mg/L (Hasan et al., 2014) . However, our result was lower than IC 50 of stingless bee propolis found by Campos et al. (2014) . They found that IC 50 of Melipona orbignyi propolis from midwest Brazil was 40 mg/L. Indonesian propolis was thought to be typical propolis with a low phenolic compound (Marquez Hernàndez et al., 2010) . The previous study profiled this stingless bee propolis and found triterpene as the main constituent (Kalsum et al., 2016) . Ethanol extracts showed significantly higher antioxidant activity than water extracts (Tab. 2). The results support previous studies proving the concentration-response relationship between IC 50 of propolis and ethanol con- centration as the solvent (Cottica et al., 2011; Sun et al., 2015) . According to those studies, it was also confirmed by other such antioxidant activity measurements as 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), ferric reducing antioxidant power (FRAP), oxygen radical absorption capacity (ORAC) and cellular antioxidant activity (CAA). The similar result was also found in the extract of laver (Porphyra tenera) (Hwang & Thi, 2011) . Ethanol extract showed higher antioxidant activity than water extract, possibly due to extraction with 75% ethanol producing a wider range of polarity, thus, higher dissolved compounds. Sun et al. (2015) found that an extraction with ethanol produced more flavonoids than water extract. Twenty-eight phenolic compounds were detected in the ethanol extract, while only fifteen compounds in the water extract. Such compounds as cinnamic acid, galangin, quercetin and benzyl caffeate were not found in water extracts (Sun et al., 2015) . Water extracts might also possess more such non-phenol compounds as carbohydrate and terpene . A large amount of wax (30%) in raw propolis might also cause ethanol to be a good solvent to yield a high amount of phenols (Pietta, Gardana, & Pietta, 2002) . Total phenolic compounds and flavonoids have an important role in antioxidant activity. Part of their structure neutralizes free radicals. Besides antioxidant activity, the kind of propolis, origin and or solvent, might produce different amount of total phenolic compounds and flavonoids. This result is quite similar to previous studies. The ethanol extract of Geniotrigona thoracic propolis from Malaysia contained 29. 1 mg/g GAE (Ibrahim et al., 2016) . Total flavonoids of ten propolis from Croatian markets ranged from 0.78 up to 19.78 mg/g, while propolis from Brazil, Taiwan, and China contained 0.55 to 3.95 mg/g QE (Chang et al., 2002; Kosalec et al., 2005) . There was an indication that ethanol extracts contained higher total phenolic compounds and flavonoids than water extract. This result supports several previous studies (Mello, Petrus, & Hubinger, 2010; Mello & Hubinger, 2012; Sun et al., 2015) . In contrast, other studies found that total phenolic compounds of the water extract of Indian propolis were higher than the ethanol extract but still lower in total flavonoids. They speculated that more water-soluble polyphenols were found in Indian propolis (Laskar et al., 2010) . As mentioned before, ethanol is an appropriate solvent to extract phenolic compounds and flavonoids due to its wider range of solubility. The present study's results demonstrate that Indonesian propolis has various total phenolic, flavonoid contents, and antioxidant activity.
According to the analysis of variance, the origin of propolis does not affect total phenolic compounds, flavonoids, and antioxidant activity. However, the solvents significantly influence antioxidant activity, where ethanol extraction produces higher than water extraction.
